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Abstract
Background: Residual impairments and gait deviations post-stroke may lead to secondary musculoskeletal
complications such as arthritis. This study explored the prevalence of arthritis and associated functional limitations
in community-dwelling Canadians with and without stroke.
Methods: Secondary analysis of the Canadian Community Health Survey; a population-based, cross-sectional
survey conducted by Statistics Canada in 2011 and 2012. Respondents >50 years old who reported a stroke
diagnosis (n = 1892) were age- and gender-matched with controls randomly selected from survey respondents
who did not report a stroke (n = 1892). Stroke and control groups were compared on presence of arthritis
(yes/no) and secondary variables including pain, perceived health and assistance required (5 point scales)
using the Rao-Scott X2 test. Within the stroke group, logistic regression was used to investigate the effect of
arthritis on life satisfaction, pain limiting activities and perceived health with age, gender, BMI, comorbidities
and socioeconomic status used as covariates in the model.
Results: A greater proportion of the stroke group (53 %) reported arthritis compared to controls (43 %).
These groups also differed in reports of perceived health and pain. Within the stroke group, those with
arthritis were significantly more likely to report pain limiting activities (OR 3.89) and less likely to report
satisfaction with life (OR 0.59).
Conclusions: This preliminary work suggests that arthritis is more prevalent in individuals with stroke
compared to individuals without stroke and that this co-morbidity is associated with worse reports of pain
and perceived health. A limitation is that it is not possible to determine if the arthritis pre-dated or followed
the stroke. This work provides support for a longitudinal investigation of the development of secondary
musculoskeletal issues post-stroke.
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Background
Stroke is a serious Canadian health issue with approxi-
mately 350 000 people living with the effects of stroke
[1]. Stroke-related impairments can cause walking dys-
function such as decreased velocity and spatiotemporal
asymmetry, which can limit independence and quality of
life [2, 3]. This walking dysfunction persists long after
stroke rehabilitation is complete [4]. Improving mobility
and increasing community ambulation after discharge
from rehabilitation are common foci of current research
[5, 6]. What has received far less attention, but may be
of equal importance is the development of secondary
musculoskeletal (MSK) complications as a result of
persisting stroke-related gait deviations.
The link between gait deviations and MSK complica-
tions has been demonstrated previously. For example,
MSK issues are prevalent in the amputee population
with 40 % of people with unilateral amputation reporting
pain in their intact limb compared to 20 % of people
without amputation [7]. Furthermore, the prevalence of
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knee osteoarthritis (OA) among people with amputation
is greater; 16 % report OA compared to only 11.7 % of
people without amputation [7]. This increased preva-
lence of OA and pain in the amputee population has
been attributed to their temporally asymmetric gait pat-
tern [7, 8]. The increased stance duration exposes the in-
tact limb to excessive, repetitive loading. This abnormal
loading is commonly accepted as one mechanism that
leads to pain and degeneration at the knee and increased
risk of developing knee OA [9–11].
Post-stroke gait features the same temporally asym-
metric gait pattern, with 55 % of individuals with chronic
stroke exhibiting increased stance duration on their
non-paretic limb compared to their paretic limb [4].
However, in comparison to the work with the amputee
population, little has been done to investigate secondary
MSK complications post-stroke. Lower limb pain is an
issue post-stroke and the problem may get worse over
time. Thirty five percent of individuals with stroke re-
port pain in their lower limbs and the prevalence did
not change over a 16 month period at which point 39 %
of individuals reported lower limb pain [12]. This was
not a statistically significant increase. But, given that in-
tervals greater than 2 years may be needed to detect
changes in joint cartilage secondary to gait deviations
[9], it is possible that the prevalence of lower limb pain
may have increased in the aforementioned study, if the
participants were followed over a longer period of time.
The potential for the development of secondary MSK is-
sues, such as OA, long after discharge from stroke re-
habilitation, is of great concern. This concern is not only
because of the relationship between pain, limitations in
activities of daily life and quality of life that has already
been established in individuals with OA [13, 14]; but
also because secondary MSK issues could exacerbate
post-stroke gait dysfunction which could further restrict
independence and limit quality of life. An important pre-
liminary step to prepare for longitudinal examination
of MSK complications after stroke is to develop an
understanding for the prevalence and nature of MSK
complaints, such as pain and arthritis, in the stroke
population.
The primary objective of this study was to determine
the prevalence of arthritis in adult Canadians living in
the community with stroke compared to the prevalence
of arthritis in those without stroke. The secondary ob-
jective was to understand the impact of stroke combined
with arthritis on reports of pain, independence,
perceived health and life satisfaction compared to the
impact of stroke alone.
Methods
A secondary data analysis was conducted using 2011 and
2012 annual components of the Canadian Community
Health Survey (CCHS). The CCHS was a population-
based, cross-sectional survey conducted by Statistics
Canada between January 2011 and December 2012. De-
tails regarding the survey, (e.g. data sources, methodology,
questionnaire, data accuracy) are described online [15, 16]
and in a published report [17]. In brief, a multistage strati-
fied cluster design sampling procedure based on the
Canadian Labour Force Survey (LFS) was used, and in-
cluded people aged 12 and over living in private dwellings
in all provinces and territories. Individuals were ex-
cluded if they lived on indigenous reserves or Crown
Lands, institutions, certain remote regions, or were
full-time members of the Canadian Forces. The CCHS
covers approximately 98 % of the Canadian popula-
tion aged 12 and over. Information was collected
about diseases and health conditions, health, health
care services, lifestyle and social conditions, mental
health and well-being, and prevention and detection
of disease. The response rate was 68.4 % with 126,
645 individuals completing the survey. Multiple qual-
ity control steps were used, including error detection
by the computer-assisted interview software, valid-
ation with common outcomes from other Canadian
population surveys, and external validation by federal
and provincial partners.
All statistical analyses were performed with SAS 9.3
software (SAS Institute Inc., Cary, NC). The current
study includes data from 1892 individuals aged 50 years
old and older, who answered yes to the question, “have
you been diagnosed with a stroke?” Of the remaining in-
dividuals who answered no to this question, age- and
gender-matched individuals were randomly selected
from the CCHS database to create a control group for
comparison.
Data for the present study were derived from ques-
tions throughout the survey and were collapsed or re-
categorized where appropriate. The primary outcome for
this study was the presence of arthritis (binary: yes/no)
derived from the response to the CCHS survey question
“Do you have arthritis, excluding fibromyalgia?” Second-
ary outcome variables related to the impact of stroke
and arthritis included: pain limiting activities, perceived
health, life satisfaction and need for assistance with daily
tasks. Other relevant descriptors that were related either
to the secondary outcome variables and/or the risk for
stroke and arthritis were: age, gender, body mass index
(BMI), education, income, history of smoking, and pres-
ence of and number of comorbidities. Since a gold
standard index of chronic disease does not exist, comor-
bidities included in the present study were selected ac-
cording to a recommendation of 8 conditions based on
the prevalence as a representative standard [18]. These
included cancer, hypertension, diabetes, depression,
heart disease, and chronic obstructive pulmonary disease
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(COPD), stroke and arthritis. Since stroke and arthritis
were conditions already of interest in the present study,
the presence of the remaining 6 conditions as well as the
total number of comorbidities (with a maximum value of
6) were extracted. Descriptive statistics were calculated for
all variables. Proportional differences in demographics,
chronic conditions and outcome variables between groups
were compared with the Rao-Scott X2 test.
Comparisons between stroke and control groups
In order to address the primary research objective (preva-
lence of arthritis in individuals with stroke) the stroke and
control groups were compared on the primary variable:
presence of arthritis. The two groups were also compared
on age, gender, BMI, income, education, history of smok-
ing and presence of comorbidities. To further describe the
differences between these two groups, we also investigated
differences in the report of perceived general health and
pain as it related to restriction of activities.
Comparison within the stroke group of individuals with
and without arthritis
In order to address the secondary objective (impact of
arthritis on individuals with stroke), two analyses were
conducted. First, comparisons were made between indi-
viduals with stroke and arthritis (stroke + arthritis) and
individuals with stroke only on demographics, comor-
bidities and secondary variables of interest. Next, logistic
regression was used to assess the impact of arthritis on
pain, life satisfaction, perceived health and assistance
with tasks. These outcome variables were first collapsed
into binary responses. Report of pain with respect to
limitation of activities was collapsed to pain restricts ac-
tivities (yes/no), rating of perceived health was collapsed
to satisfactory (yes/no) and rating of life satisfaction was
collapsed to satisfied (yes/no) and the need for assistance
with daily activities was collapsed to needs assistance
(yes/no). Second, binary logistic regressions modelled
pain, perceived health, life satisfaction and assistance
with daily activities in the individuals with stroke as a
function of the presence of arthritis. However, there
were too few observations to carry out a logistic regres-
sion (n = 23) for assistance with daily activities. Third, in
the case of a significant effect of arthritis, the logistic re-
gression model was adjusted to include age, gender,
BMI, education, income, history of smoking and number
of comorbidities (max. 6) as covariates. Odds ratios with
95 % confidence intervals (CI) were reported for signifi-
cant associations.
Results
Comparison of stroke and control groups
The total number of individuals selected from the CCHS
database was n = 3784. A greater proportion of the stroke
group, 53 % (n = 1010) compared to the control group
43 % (n = 812) reported having arthritis (p < 0.0001).
Table 1 summarizes the characteristics of the stroke and
control groups with respect to age, gender, BMI, educa-
tion, income, history of smoking and comorbidities. Due
to age- and gender- matching, the mean age and gender
distribution was the same between the stroke and control
groups. The stroke and control groups were significantly
different in education (p < 0.0001), income (p < 0.0001),
history of smoking (p < 0.0001) and the presence of all 6 co-
morbidities (p-values ranged from p < 0.0001 to p = 0.02).
The responses of individuals in the stroke and control
groups reporting on perceived health and pain related to
the amount of activities it prevents are illustrated in Fig. 1.
The proportions of responses to questions related to gen-
eral health (p < 0.0001) and pain (p < 0.0001) were different
between the stroke and control groups.
Comparison within the stroke group of individuals with
and without arthritis
Table 1 summarizes the characteristics of the stroke group
of individuals with and without arthritis. Within the stroke
group, those with arthritis were significantly different from
those without arthritis on several demographics; gender
(p < 0.0001), age (p = 0.001), BMI (p = 0.0004) and income
(p < 0.0001) as well as the presence of two comorbidities;
heart disease (p = 0.0003) and COPD (p < 0.0001).
The impact of stroke with arthritis compared to stroke
alone on the secondary variables of interest is illustrated
Fig. 2. The proportions of responses to questions related
to perceived health (p < 0.0001), pain (p < 0.0001), life sat-
isfaction (p < 0.0001), and required assistance (p = 0.002)
were different in the stroke + arthritis group compared to
the stroke alone group. The results for the logistic re-
gression analyses are summarized in Table 2. In individ-
uals with stroke, arthritis had a significant effect on
pain (p < 0.0001) and life satisfaction (p < 0.0001) but
not perceived health (p = 0.19) when age, gender, BMI,
income, education, history of smoking, and number of
comorbidities are accounted for.
Discussion
The main finding of this study is that the prevalence of
arthritis in community-dwelling adults is greater in those
with stroke (53 %) compared to those without a stroke
(43 %) of similar age and gender. Similar to the present
study, a cross-sectional study in the amputee population
suggested a link between disease-induced gait deviations
and arthritis; individuals with amputation had a preva-
lence ratio of 2.2 for knee pain and 1.5 for knee OA
compared to individuals without amputation.
The individuals with stroke were also different in terms
of education and income and more likely to report a history
of smoking, and the presence of comorbidities compared to
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the group without stroke. The increased report of smoking
is not surprising given that smoking is a risk factor for
stroke [19]. The group differences in education and income
are consistent with the inverse relationship between socio-
economic status (SES) and the incidence of stroke reported
in previous work [20]. Finally, the greater prevalence of
various chronic conditions in the stroke group is also ex-
pected given that the presence of one or more additional
morbidities is 5.18 times more likely in individuals with
stroke compared to those without stroke [21].
Table 1 Demographics of survey respondents with and without stroke and respondents with stroke with and without arthritis.





Adults with stroke a
nd arthritis (n = 1010)
Adults with stroke without
arthritis (n = 882)
Genderb
Male/Female 48/52 48/52 39/61 59/42
Ageb
50–54 years 4.4 4.4 3.6 5.3
55–59 years 8.1 8.1 7.3 9.0
60–64 years 13.1 13.1 11.5 15.0
65–69 years 14.1 14.1 13.2 15.2
70–74 years 15.2 15.2 15.0 15.5
75–79 years 16.2 16.2 16.7 15.5
80 + years 28.9 28.9 32.8 24.5
BMIb
Underweight 1.8 2.8 2.9 2.6
Normal weight 38.3 37.4 32.8 42.8
Overweight 38.0 35.7 37.3 34.0
Obsese 21.9 24.1 27.0 20.7
History of smokinga
Smoker (yes/no) 11.2/88.8 15.5/84.5 16.4/83.6 14.6/85.4
Educationa
< secondary school 31.2 37.9 39.7 39.0
Graduated secondary school 18.3 15.3 14.9 17.1
Some post-secondary 4.5 3.2 2.9 4.0
Graduate post-secondary 46.0 43.6 42.5 48.7
Incomeab
>$20, 000 15.4 25.1 27.4 22.4
$20,000 to $39,999 34.8 39.2 42.2 35.8
$40,000 to $59,999 22.0 17.8 16.2 19.6
$60,000 to $79,999 12.5 8.1 6.4 10.0
>$80,000 15.2 9.8 7.7 12.3
Comorbidities (yes/no)
Cancera 6.5/93.5 8.5/91.5 9.2/90.8 7.8/92.2
Hypertensiona 44.0/56.0 63.0/37.0 64.8/35.2 60.8/39.2
Diabetesa 15.3/84.7 26.2/73.8 28.0/72.0 24.2/75.8
Depressiona 6.8/93.2 21.3/78.7 19.9/80.1 23.0/77.0
Heart diseaseab 16.4/83.6 39.7/60.3 43.6/56.4 35.3/64.7
COPDab 8.7/91.3 14.3/85.7 19.4/80.6 8.4/91.6
Abbreviations: COPD chronic obstructive pulmonary disease
asignificant difference between adults with and without stroke (p < 0.0001)
bsignificant difference between individuals with stroke and arthritis and individuals with stroke only (p < 0.01)
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To our knowledge, this is the first study that examined
the prevalence of arthritis in community-dwelling indi-
viduals with stroke. A related study that analyzed CCHS
data from 2010, found that individuals with arthritis
have higher odds of stroke [22]. Both studies share the
same limitation; given the cross-sectional nature of the
data, it is impossible to determine if the arthritis pre-
ceded or followed the stroke. However, the present re-
sults combined with this previous analysis of CCHS data
[22], suggests a relationship between stroke and arthritis
that is both complex and potentially bidirectional. In in-
dividuals with arthritis, an elevated rate of stroke may be
attributed to multiple factors including chronic inflam-
mation, long-term use of glucocorticoids and reduced
physical activity limited by pain and mobility impair-
ments [22]. Conversely, individuals with stroke may
be more likely than individuals without stroke to de-
velop arthritis as a secondary complication related to
abnormal loading associated with stroke-induced gait
deviations. Thus, a prospective, longitudinal investiga-
tion of the direction of the relationship between
stroke and arthritis seems warranted.
The present results also revealed key differences be-
tween the stroke + arthritis group and the stroke alone
group. First, there were more women in the stroke +
arthritis group which can be attributed to the fact that
in general, women are at greater risk to develop OA
compared to men [23]. Second, the stroke + arthritis
group was older and heavier than the stroke alone
group. The cross-sectional nature of the analysis pre-
cludes any conclusions about the direction of this rela-
tionship. It is possible that those in the stroke + arthritis
group exhibit arthritis because they had been exposed
longer to the abnormal joint load imposed by the pri-
mary stroke-related motor impairments and this led to
decreased mobility which in turn led to weight gain and
increased BMI. Alternatively, it is possible that individ-
uals with stroke who are older and have larger BMI
values are at greater risk for developing arthritis com-
pared to those with stroke alone. The stroke + arthritis
group was also different in reported income and a
greater proportion of the stroke + arthritis group had
heart disease and COPD than the stroke only group. Fi-
nally, the combination of stroke and arthritis appears to
have a negative impact on perceived health, life satisfac-
tion, independence and pain. When other contributing
factors such as SES and comorbidity are considered, in-
dividuals with stroke and arthritis are significantly more
likely (OR = 3.89, 95 % CI 3.09, 4.90) to report pain that
limits activity and less likely (OR = 0.59, 95 % CI 0.46,
0.76) to report satisfaction with life. Inferences about
casual relationships are not possible, however, the data
do indicate a complex interaction of SES, multimorbidity
and the impact of arthritis on the independence and
health of community-dwelling Canadians living with
stroke. There is a link between SES and stroke severity
[20] and previous work in the same population (i.e.
Canadians with stroke) has indicated that, those with a
lower SES are less likely to be treated by a neurologist
and less likely to receive rehabilitation [24]. It is possible
that this inequality of care leads to limited post-stroke
recovery in individuals with lower SES which in turn
leaves these individuals with greater motor deficits and
gait deviations, thus increasing the risk of developing
secondary complications such as arthritis.
As is the case with all secondary analyses, this study
has a few limitations. First, the analysis is based on self-
report data and thus, is subject to healthy responder and
recall bias. Second, the dataset included community-
dwelling adults which may restrict the generalizability of
our findings to higher functioning individuals potentially
with less severe stroke. Finally, due to the nature of the
questions in the original CCHS survey, it is impossible
Fig. 1 Comparison of individuals with and without stroke. The
proportion of individuals in the stroke (shaded bars) and control
group (open bars) reporting on a general health and b pain related
to how it limits activities. The proportions of responses for both
questions were significantly different between the
groups (p < 0.0001)
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to determine specific details regarding the arthritis in-
cluding the joints affected, whether the paretic or non-
paretic limb was affected and whether the arthritis pre-
ceded or followed the stroke. However, the increased
prevalence of arthritis among individuals with stroke
lends support to the hypotheses that stroke-related gait
deviations may lead to secondary MSK complications. It
is possible that given the temporally asymmetric post-
stroke gait pattern, which is similar to the gait pattern in
the amputee population, at least one contributing factor
to the increased prevalence of arthritis is related to ab-
normal loading of the lower extremities. These results
suggest that it may be worthwhile to conduct a longitu-
dinal study of secondary MSK complaints post-stroke.
Conclusions
In conclusion, community-dwelling individuals with
stroke are more likely to report arthritis compared to
age- and gender-matched adults without stroke and
the combination of stroke and arthritis increases the
likelihood of pain limiting activities and decreases the
likelihood of satisfaction with life. Future work should
investigate longitudinally, the potential development
of secondary complications like arthritis and joint
pain and the negative impact on health, quality of life
and independence post-stroke.
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Fig. 2 Comparison of individuals with stroke and arthritis and those with stroke only. The proportion of individuals with stroke and arthritis
(shaded bars) and stroke only group (hatched bars) reporting on a general health, b life satisfaction, c need for assistance with daily activities and
d pain related to how it limits activities. The proportions of responses for both questions were significantly different between the groups
(p < 0.0001, p < 0.0001, p = 0.0016, p < 0.0001 respectively)
Table 2 Logistic regression. The effect of arthritis in individuals
with stroke
X2 p-value Odds ratio
Pain 132.75 <0.0001 3.89
Life satisfaction 16.72 <0.0001 0.59
Perceived health 1.75 0.19 n/a
Abbreviations: n/a not applicable as relationship was not significant
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